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2.1D RANGE GATE DEPENDENCE OF SPECULAR ECHOES 
J. L. Green 
Aeronomy Laboratory, N O M  
Boulder, CO 80303 
Some controversy has surrounded the in t e rp re t a t ion  of the enhancement of 
VIIF radar  echoes a t  v e r t i c a l  incidence (also known as p a r t i a l  r e f l ec t ions ,  
specular r e f l ec t ions  and Fresnel s ca t t e r ing )  s ince they were reported by the 
Sunset (GAGE and GWEN, 1978) and the SOUSY (ROTTGER and LIU, 1978) radars.  
There i s  l i t t l e  doubt as t o  the observational f a c t  of t h i s  enhancement since i t  
has been observed by experimenters using a t  least eleven MST o r  ST radars. I n  
addi t ion to  the Sunset and SOUSY radars,  t h i s  r e s u l t  has been obtained i n  the 
lower atmosphere a t  the P l a t t e v i l l e  (ECKLUND et  a l . ,  1979; WESTWATER e t  al . ,  
19831, Poker F l a t  (ECKLUND e t  a l . ,  19801, Jicamarca (FUKAO e t  al . ,  19791, 
Arecibo (ROTTGER e t  a l . ,  1981) radars  as  wel l  as the three radars of the ALPEX 
experiment (BALSLEY e t  a l . ,  1983). I n  t h e  upper atmosphere, specular or p a r t i a l  
r e f l ec t ions  have been observed by VINCENT and BELROSE, 1978 and HOCKING, 1979. 
These v e r t i c a l  enhancements have been associated with increases i n  the s t a t i c  
s t a b i l i t y  of the atmosphere (GREEN and GAGE, 19801, w i t h  a temperature gradient 
i n  the s t ra tosphere (GAGE and GREEN, 1982a1, have been used t o  monitor the 
height of the tropopause (GAGE and GREEN, 1982b1, and have been associated with 
the passage of f ron t s  (ROTTGER and LARSEN, 1983). This l i s t  i s  but a small pa r t  
of the publications on t h i s  subject. 
Since the publ icat ion of Fresnel  Sca t t e r ing  Model f o r  t h e  Specular Echoes 
Observed by VHF Radar (GAGE e t  al., 1981) there  has been concern over the 
predict ion of t h i s  model t h a t  the radar r e f l e c t i v i t y  should vary as the square 
of the range gate length, AR. A cornparison of specular echoes obtained with 
300-m and 1-km range gates by the Sunset radar w a s  used t o  i l l u s t r a t e  t h i s  
a s se r t  ion. 
In  another t heo re t i ca l  analysis ,  HOCKING and ROTTGER (1983) predicted t h a t  
on average specular r e f l e c t i v i t y  should be proportional t o  AB, but t h a t  it was 
possible under the r igh t  conditions f o r  t h i s  r a t i o  t o  approach AR2. 
A special mini-session was held on t h i s  subject a t  the MAP Workshop held a t  
Estes Park, Colorado, May 1983. A t  that  session, I s t a t ed  t h a t  I would soon 
report  on new invest igat ions of the range gate  dependence of specular echoes. 
Several suggestions as  t o  the treatment and in t e rp re t a t ion  of the data made a t  
t h a t  meeting have been incorporated i n t o  t h i s  report  (I). T. Farley, W. K. 
Hocking, R. L. Woodman and possibly others ,  pr ivate  communication by means of 
unsigned paper t ab le  napkins, 1982). 
This report  of measurements made a t  the Sunset radar during March and 
Apri l ,  1982 i s  confined solely to  the observed dependence of the radar 
r e f l e c t i v i t y  of ve r t i ca l ly  enhanced echoes. 
radar ,  see Section 5.3 of t h i s  volume.) 
(For fu r the r  d e t a i l s  of the Sunset 
The Sunset radar was careful ly  cal ibrated and characterized for  these 
measurements. 
comparison with the temperature of the background cosmic noise was abandoned i n  
favor of da i ly  c a l i b r a t i o n s  with a s t a b l e  noise source. The e f f ec t ive  AR and the 
time response function of each range gate  w e r e  obtained by d i r e c t  measurement of 
the convolution of the transmitted waveform and the range gate  f i l t e r s .  
radar  r e f l e c t i v i t y  i s  presented as  the magnitude of the coeff ic ient  of 
r e f l ec t ion ,  Ip [ * so t h a t  the recorded transmitted power l eve l s  could be 
The pract ice  of ca l ib ra t ing  the received echoes power by 
The 
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incorporated. 
It w a s  known from previous experiments t h a t  the r e f l e c t i v i t y  of the 
v e r t i c a l l y  enhanced echoes v a r i e s  with t i m e .  Since the radar could only observe 
with one par t i cu la r  range gate  a t  a time, the  range gate  lengths were cycled. 
The da ta  presented here  are the median values of the t o t a l  data  s e t  f o r  a 
pa r t i cu la r  range resolut ion and antenna d i r ec t ion  observed on a pa r t i cu la r  day. 
The observations i n  most cases were made during a four-hour period centered on 
the 12 UT NWS rawinsonde launch. Four s i zes  of AR were used, 150, 300, 1000, 
and 2400 m. Since the object here is  the determination of the exponent of the 
AR dependence, Figures 1-2 are plot ted a s  a l t i t u d e  vs. 
log (1000 IP 121 
AR (4 
A s  suggested a t  the E s t e s  Park Workshop, the range gate  t i m e  respons9 w a s  
measured. The response of longer range gates were convolved with the I p ]  
from shor t e r  range gates  t o  enhance the comparison. This convolution represents  
an incoherent s p a t i a l  average (powers summed) while a range ga te  i s  a coherent 
average (voltages summed). In  the comparisons shown below, a departure from 
equal i ty  of the responses a t  d i f f e ren t  AR s i zes  i s  an indicat ion of possible 
coherence. 
data 
Figure l a  i s  a typical  comparison of the 1000 m and 2400 m range gate with 
a v e r t i c a l  antenna beam. The 1000 m data have been convolved with the 2400 m 
range gate  function t o  enhance the comparison. I n  Figure l b  the v e r t i c a l  and 
the s l an t  (15O from v e r t i c a l )  echoes a r e  compared t o  show the a l t i t u d e s  with 
v e r t i c a l  enhancement. Except fo r  perhaps 7 km, Figure l a  shows t h a t  indeed t h e  
1000 m and 2400 m echo s t rengths  a r e  r e l a t ed  by a AR dependence. 
. typical  of a l l  the da i ly  comparisons between these two range gates during t h i s  
observation period. 
This was 
The r e s u l t s  of observations using range gates shorter  than 1 km were l e s s  
consistent.  
showed a AR dependence, but about 25-30% showed a AR dependence. I n  a few 
'percent of the observations the 300 m range gate r e f l e c t i v i t y  was  g rea t e r  than 
t h a t  of t he  1 km range gate. This behavior i s  i l l u s t r a t e d  i n  Figure 2a, a 
comparison of the 300 m and 1000 m range gates with a v e r t i c a l  antenna bean. 
Again, the data from the shorter  range gate  have been convolved with the range 
gate  funct ion of the longer. 
a l t i t u d e ,  implying a AR dependence. 
r e f l e c t i v i t y  of the 1 km ga te  i s  l a rge r ,  implying a dependence t h a t  approaches a 
AR2.dependence. 
and 15 km a simple AR dependence i s  again approximately the case. 
comparison of the v e r t i c a l  echoes with the s l an t  echoes, shows a region of 
strong v e r t i c a l  enhancement between 6 and 14 km. 
The majority of the comparisons between200 m and 1 km range gates 
The r e f l e c t i v i t i e s  are equal between 6 and 8.5 km 
However, between 8.5 and 11 km the  
Around 12 km the 300 m r e f l e c t i v i t i e s  a r e  larger.  Between 13 
Figure 2c, a 
Figure 2b, a comparison of the 300 m range ga te  and 150 m range gate  
convolved with the 300 m ga te  function, shows the two r e f l e c t i v i t i e s  t o  be 
r e l a t e d  by hR. However, over the entire data  s e t  from t h i s  experiment, the 
150 m and 300 m ga te  length comparison was w e n  l e s s  predictable than the 300 m 
and 1 km ga te  length comparison. 
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a) 
SUNSET RADAR 
b) 
Figure 1. a. Comparison of a 2.4-km range ga te  and a 1-km range gate  
convolved with a measured 2.4-km range gate  response function. 
b. 
posi t ions with a 1-km range gate.  
Comparison of r e f l e c t i v i t y  from v e r t i c a l  and s l a n t  antenna beam 
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Figure 2. a. Comparison of reflectivity at vertical incidence with 
a 1-km range gate and a 300-m range gate convolved with a measured 
1-km range gate response function. b. Comparison of reflectivity 
at vertical incidence of a 300-m range gate and a 150-m range gate 
convolved with a measured 300-m range gate response function. 
c. 
a 1-km range gate. 
Comparison of reflectivity at vertical and slant incidence with 
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